Background: Due to the widespread use of bottled water, it is important from a hygienic point of view to ensure that these products have good quality and meet the requirements set out in regulations.
INTRODUCTION
In the recent years there has been an increase in the consumption of bottled water on national and global scale. In the nonalcoholic beverage industry, this is the product with the fastest growth rate of use (1, 2) . Bottled water is drunk by the whole population, including infants and the elderly, whose immune system is unstable; sick people with compromised immunity drink it too, although the good quality of water is essential for them. It is therefore required that bottled water meets certain hygiene requirements laid down in national and European regulations, thereby ensuring its quality and safety.
Bulgaria is a country with the abundance of mineral springs. They are its national natural wealth. According to the Ministry of Health, there are around 60 Bulgarian companies bottling mineral, spring and table water (3) . Multifarious brands, various origins, technological level of bottling, production and offering create conditions for different variations in the quality and safety of these products.
Bottled water may contain bacteria, but they are in low concentrations and are usually harmless to humans. From an environmental point of view, the total microflora of mineral waters is divided into autochthonous and allochthonous one. Any water, even that which comes from a deep underground water source, contains microorganisms -the so-called autochthonous, its own microflora. As contamination from equipment and environment in the process of bottling, other microorganisms -allochthonous flora may be introduced in the water. Allochthonous flora can include a wide range of microorganisms, which reflects the nature of the contamination. Bacteria, such as staphylococcus and coliforms, can enter the water from the environment or be a result of poor hygiene of the personnel involved in the bottling process. Spe-cific microorganisms such as E. coli, coliforms (lactose positive bacteria, representatives of the family Enterobacteriaceae), faecal streptococci, P. aeruginosa and sporulated sulphite-reducing anaerobes belong to the group of allochthonous bacteria (4) .
Some pathogens such as allochthonous bacterium P. aeruginosa can adapt metabolically and survive for a long time in the mineral water in spite of its poor content of nutrients (5, 6) .
Each country has its own national documents about requirements for bottled water. These requirements are subordinate to EU Directives, which play a leading role concerning quality of these products (7) (8) (9) . According to these documents, bottled water must meet the following criteria: -Total colony count of viable microorganisms (CFU/cm 3 ) At (20 ± 2)°C in 72 hours: not more than 20 CFU/cm 3 at the water source and not more than 100 CFU/cm 3 after bottling; At (37 ± 1)°C in 24 hours: not more than 5 CFU/cm 3 at the water source and not more than 20 CFU/cm 3 after bottling. -At source and during its marketing, a natural mineral water and bottled water in general shall be free from: Parasites and pathogenic microorganisms; Escherichia coli and other coliforms and faecal streptococci in any 250 ml of sample examined; Sporulated sulphite-reducing anaerobes in any 50 ml of sample examined; Pseudomonas aeruginosa in any 250 ml of sample examined. Irrespective of the existing Hazard Analysis and Critical Control Points (HACCP) systems in bottling plants, it turns out that P. aeruginosa is the most frequent contaminant in bottled water (10) (11) (12) and this is alarming in view of subjects consuming these products. Antibacterial treatment of P. aeruginosa is very difficult because, on the one hand, the infections develop in immunocompromised patients, and on the other hand, most of the existing antibiotics are not effective against P. aeruginosa. The main antibiotics applied in the treatment of P. aeruginosa are: -Aminoglycosides (Amikacin, Gentamicin, Tobramycin); -Broad-spectrum penicillins (Azlocillin, Carbenicillin, Piperacillin and Ticarcillin); -Cephalosporins of third and fourth generation (Ceftazidime, Cefoperazone, and Cefepime); -Quinolones (without Nelidix); -Carbapenems (Imipenem).
In several studies of bottled water it is stated that many of the isolated P. aeruginosa strains are resistant to the most frequently used antimicrobial agents (12) (13) (14) (15) (16) . Mahmud et al. tested strains isolated from bottled natural mineral water (BNMW) to 15 of the most commonly used antibiotics and found that they were resistant to 9 of them (12) .
Despite the low quantities in which it is found in bottled water, P. aeruginosa is capable of multiplying abundantly in low-nutrient water (17) and can therefore colonize bottled waters (5). This is especially dangerous for people with a weakened immune system -after consumption of contaminated water, they can develop a fatal infection that could hardly be affected by treatment with antibiotics.
MATERIALS AND METHODS
The following samples were examined within the period from 2000-2013:
2,361 samples of BNMW of 22 brands. These are predominantly low mineralized, alkaline water with a superior taste, suitable to unlimited use and therefore their consumption by the population is very common; 31 samples of bottled spring water (BSW) of 5 brands; 108 samples of bottled table water (BTW) of 9 brands*.
The samples were delivered periodically by their manufacturers in order to establish whether they meet the legal requirements. All samples of bottled water examined were produced in Bulgaria and they have been analysed during their shelf life, most of them in the 12-hour-period following bottling. The study covered bottled volumes of 0.33 l, 0.5 l, 1.5 l, 3 l, 5 l, 6 l, 8 l, 10 l, and gallons of 18 l. Five bottles were taken from each batch. An average sample of 250 ml was prepared from them.
The methods applied in the study were verified standard microbiological ones. Tests of Pseudomonas aeruginosa were conducted in accordance with EN ISO 16266 -Water qualityDetection and enumeration of Pseudomonas aeruginosa -Method by membrane filtration (18) .
The survey also focused on determining the susceptibility (sensitivity or resistance) to different antibiotics of the Pseudomonas aeruginosa strains isolated from bottled mineral and table water, from ground water and ice. The diffusion method of Kirby-Bauer (19) was applied, using pure cultures of isolated strains with an optical density of actively growing culture corresponding to 0.5 McFarland.
RESULTS

Isolation of Pseudomonas Aeruginosa from Bottled Water
In the study of Bulgarian bottled water (4, 20) , covering the period from 2000-2013, a total of 2,500 samples of 36 manufacturers of bottled water were investigated with regards to the indicators set out in the Directive 2009/54/EC and Bulgarian legislation. In the process of bottling, microbiological deviations from regulatory requirements have been established. Microbiological variations in water quality can be established when the hygiene of the production process is not at the required level. These deviations relate mainly to mineral and spring waters, for which no water treatment is permitted for the purpose of disinfection. Pseudomonas aeruginosa was the most frequently isolated contaminant in this study: in BNMW it was proved in 265 samples out of a total of 412 compromised samples; in BSW -in 4 of 7 samples with deviations, while in BTW it was identified in 5 of the 9 samples not meeting the requirements of microbiological indicators (Fig. 1) .
The most representative is the excerpt of BNMW because of the highest number of samples analysed. P. aeruginosa as a single finding is present in 244 samples, and in 21 samples it is *According to definition in Bulgarian legislation -Decree on the requirements for bottled natural mineral, spring and table water intended for drinking purposes, 2004 -any water from underground or surface water source, treated or untreated, which meets the requirements of the quality of water, intended for drinking purposes.
found in various combinations with coliforms, enterococci and high amounts of heterotrophic flora (Fig. 2) .
The quantities in which the contaminant has been detected in the samples ranged from single cells to 20 CFU/250 cm 3 .
The isolated strains were oxidase-positive, pyocyanin-producing and UV-fluorescing, which, as per EN ISO 16266, is sufficient evidence for their species identity.
Determination of Antimicrobial Resistance of Pseudomonas aeruginosa Strains Isolated from Bottled Water
In the study of Bulgarian bottled water (4) the authors tested 10 strains of P. aeruginosa, isolated from bottled water and other water habitats in the environment, to the effect of 13 antimicrobial agents. The tested strains were pyocyanin producing ones. The aim was to get more complete information and to determine whether there is a difference in the "behaviour" of Pseudomonas aeruginosa strains to the selected antibiotics, depending on what kind of water these bacteria are isolated from. The study was performed because of the widespread dissemination of this contaminant in bottled water and reports commenting on the resistance of P. aeruginosa strains isolated from bottled water, mostly natural mineral, to a wide range of antibiotics (12) (13) (14) (15) (16) Cefuroxime  R6  R6  R6  R6  R6  R6  R6  R6  R6  R6   Augmentin  R6  R6  R6  R6  R6  R6  R6  R6  R6  R6   Ceftazidime  S24  S24  S22  S21  S28  S20  S20  S22  S24  S20   Ampicillin  R6  R6  R6  R6  R6  R6  R6  R6  R6  R6   Cephalothin  R6  R6  R6  R6  R6  R6  R6  R6  R6  R6   Amikacin  S26  S22  S26  S20  S22  S22  S22  S26  S26  S20   Cefotaxime  R6  R6  R6  R6  R10  R12  R14  R14  R12  R6   Ciprofloxacin  S30  S28  S28  S28  S28  S28  S28  S30  S34  S28   Biseptol  R6  R6  R6  R6  R6  R6  R6  R6  R6  R6   Nelidix  R6  R6  R6  R6  R6  R6  R6  R6  R6  R6   Meropenem  S22  S20  S24  S24  S26  R6  S26  S26  S26  S26   Cefepime  S26  S20  S26  S24  S26  S20  S22  S26  R10  S22 S -sensitivity, R -resistance The digit shows the diameter of the zone of inhibition in mm III and IV generations, aminoglycosides, carbapenems, fluoroquinolones, quinolones, sulfamethoxazole, and trimethoprim. The results obtained in the study are presented in Table 1 .
The data show that all strains isolated from the indicated objects are resistant to Cefuroxime, Augmentin, Ampicillin, Cephalothin, Cefotaxime, Biseptol (Sulfamethoxazole/Trimethoprim) and Nelidix due to the innate resistance of P. aeruginosa to these antibiotics.
Regardless of their different origin, all tested strains exhibit comparatively highest sensitivity to Ciprofloxacin but are also sensitive to Ceftazidime and Amikacin. On the other hand, the strains isolated from BNMW with Nos. 1, 2, 3 
DISCUSSION
There have been many studies on the microbiological quality of bottled waters by other authors that arrived at similar conclusions. Venieri et al. (10) According to Daood (5) , 40% of the isolated strains in mineral waters belong to the genus Pseudomonas. Representatives of this genus can grow in an environment with low content of nutrients. The most important members of the mineral water are fluorescent and non-fluorescent pseudomonad species (21) . Unlike the other pseudomonads, P. aeruginosa is not a normal component of autochthonous microbial flora of natural mineral waters. This is a microorganism that is found in water, soil, plants and faeces (22) .
In this study, whenever P. aeruginosa or other discrepancy had been identified in the finished product, samples from the source of mineral water were analysed several times. The aim was to clarify whether the pollution came from the source or it was secondary contamination of the water during the bottling process. In most cases, the water sources were not contaminated. Only in one case P. aeruginosa was penetrated in the very wellspring of mineral water. Therefore, the presence of P. aeruginosa or other indicator microorganisms in bottled waters specified a contamination during bottling due to non-observance of the principles of Good Manufacturing Practices (GMP). The most likely reason for the non-compliance is the lack of efficiency of the applied disinfection of equipment, resulting in the occurrence of secondary contamination of water during bottling. The manufacturers should not allow their products with compromised quality to reach the market. They must also apply more effective disinfection of bottling lines.
As a contaminant of natural mineral waters, P. aeruginosa is usually found in a small amount, but can reproduce in them (5, (22) (23) (24) . It adapts well its metabolism, and in spite of the low nutrient content of mineral water, it survives for long periods of time (6, 25) . Furthermore, together with other pseudomonads and bacteria of genus Aeromonas, it can colonize the bottling lines, which determines the importance of effective hygiene and cleaning of equipment (25) (26) (27) . Moreover, pseudomonads are among the most resistant microorganisms to disinfectants (28) .
Significance of Pseudomonas aeruginosa in Bottled Water in Relation to Human Health
Establishment of P. aeruginosa in bottled water poses no risk to the majority of the population because it rarely causes disease in healthy individuals, but it is dangerous for people with weak and compromised immune systems including new-borns, small children, patients with advanced neutropenia, fibrotic cysts, severe burns etc. More serious infections in which the aetiologic agent is P. aeruginosa are bacteremia, pneumonia, urosepsis, and wound infections (24) . To reduce the risk of infection in such patients, the infected batches of bottled water must be removed from the market (24, 29) . The presence of P. aeruginosa is unacceptable because water and food-borne diseases are associated with this opportunistic human pathogen (5, 30) and it has an established connection with nosocomial infections (22) . P. aeruginosa in bottled water is a risk for people hospitalized in intensive care and neonatal hospital units (24, 28, 29) .
Concerning the antimicrobial resistance of Pseudomonas aeruginosa strains isolated from bottled water, the results obtained in the Bulgarian study support the data presented in the literature − the strains isolated from BTW are resistant to Cephalothin, Ampicillin, Biseptol (mixture of sulfamethoxazole and trimethoprim) and are sensitive to Ciprofloxacin, Amikacin and Ceftazidime (12, 15) . At the same time, the results of this study are different from those of the authors (12) , who report a sensitivity of the strains to Cefotaxime. The strains isolated from Bulgarian bottled water showed resistance to this antibiotic. Another important conclusion is that there is no specific relation of P. aeruginosa strains from different origins to the test antimicrobials. Bottled water contaminated with P. aeruginosa resistant strains is even more dangerous for consumers, as these strains may initiate resistance of other microbes present in the human body.
CONCLUSIONS
During the bottling of mineral, spring and table waters, deviations are established from regulatory requirements and the major contaminant is Pseudomonas aeruginosa. The manufacturers should not allow their products with compromised quality to reach the market. When any inconsistencies are established in microbiological parameters, the producers must detect the critical point and apply more effective disinfection of the bottling lines.
Pseudomonas aeruginosa strains isolated from Bulgarian bottled water are sensitive to Ceftazidime, Amikacin, Ciprofloxacin and Cefepime and one of them is resistant to Meropenem and Piperacillin. Due to the frequent presence of Pseudomonas aeruginosa strains in bottled water and their demonstrated resistance to certain antibiotics, it is important to consider the extent to which these waters are appropriate for people with compromised immune system, young children and the elderly. As for the population groups under risk, the most logical conclusion is that it is more appropriate for them to consume potable water from the water supply network. As we know, potable water must meet certain hygiene requirements and its treatment (chlorination, ozonation, etc.) should continuously ensure the quality required.
